Peroxisome proliferators-activated receptor gamma (PPAR-γ) is thought to play a critical role in glucose and lipid metabolism and in inflammation control. The objective of this study was to detect the single nucleotide polymorphism (SNPs) in whole coding regions of PPAR-gamma gene with single strand conformation polymorphism (SSCP) in Peking duck Z4, Z2, Hybrid and Cherry Valley duck populations. The results showed that there were two alleles and three genotypes in the experimental populations. And one novel polymorphism, a synonymous mutation G-to-T at 213 of 5th exon, was found. The birds with homozygote (TT) was highest for carcass weight, sebum weight, percentage of sebum, abdominal fat weight, percentage of abdominal fat and IMF in four duck populations; however, for breast muscular weight and carcass net weight, the birds with heterozygote (GT) was highest in them. The association analysis results showed that the SNP of the polymorphism of PPAR-γ gene was linked with potential major loci or genes affecting some growth and fatness traits.
Introduction
Although intensive selection in duck has made great improvement in growth rate and feed efficiency, modern strains of ducks exhibit excessive body fat deposition. That is one of the main problems encountered by the duck industry today, because it has significant negative effects on feed efficiency and causes great economic loss to processing plants. The economic concern and recognition of consumer aversion to excess fatty tissue deposition have led commercial breeders to incorporate significant selection for reduced body fatness in their breeding programs. Although several strategies of selection for leanness in meat production have been describes, it is still laborious and expensive to measure fat deposition. Therefore, considerable research effort has been applied to study factors associated with fat deposition and methods to reduce it (SHAHIN et al., 2000; WAWRO et al., 2004) . Peroxisome proliferatorsactivated receptors (PPARs) belong to the nuclear receptor superfamily (SCHOONJANS et al., 1996; BRAMFELD et al., 2003) . PPARs have been implicated in the regulation of almost every single aspect of lipid metabolism and, consequently, in diseases that involve disturbances in lipid metabolism (obesity, diabetes, atherosclerosis, cardiac failure) (PFEUFFER, 2001 ; VAN et al., 2002) . Three types of PPARs have been characterized: PPAR-α, PPAR-β (also called PPAR-δ) and PPAR-γ. In chicken, PPAR-γ has 6 exons and 5 introns. Research showed that the PPAR-γ gene has impact on chicken fat metabolism and SNPs could be used in molecular assistant selection (MAS) as a genetic marker for the chicken fatness traits (LI et al., 2005) . However, up to now, the research about SNPs of the PPAR-γ gene in duck was not reported. The objectives of the present study were to identify SNPs in the duck PPAR-γ gene and to evaluate associations between the polymorphisms and growth and fatness traits in four duck populations.
Materials and Methods

Samples Collection and Preparation
Blood samples were collected from 384 individuals belongs to four duck populations: Peking duck Z4 (98), Peking duck Z2 (95), Hybrid Peking duck (Z4 × Z2) (HB) (92) and Cherry Valley duck (99). The blood samples were collected from Institute of Animal Science, Chinese Academy of Agricultural Science. The growth and fatness traits (carcass weight, carcass net weight, breast muscular weight, leg muscular weight, abdominal fat weight (AFW), percentage of abdominal fat (AFP), sebum weight, percentage of sebum weight and intramuscular fat (IMF) in these ducks were collected for statistical analysis. The 384 ducks were slaughtered at the end of 42 days. Genome DNA was obtained by phenol and chloroform (1:1) extraction, and stored at -20 ℃.
Primer Design and PCR Amplification
Based upon duck PPAR-γ gene sequences (Accession no. EF546801), six pairs of primers (Table 1) were designed to amplify the duck PPAR-γ gene whole coding region and detect the single nucleotide polymorphisms of the six exons. Following optimization, PCR reactions were carried out in a total volume of 15 μL with 40 ng of genomic DNA, 0.5 pmol of each of forward and reverse primer, 1.5 μL of 10 × buffer, 1.5 mM of MgCl 2 , 0.25 mM of deoxyribonucleorides triphosphate, and 1.5 U of Taq DNA polymerase (Fermentas) on an Eppendorf Mastercycler gradient (Eppendorf). With regard to duck samples, the PCR cycles were 95 ℃ for 5 min, 31 cycles of 94 ℃ for 30 s, 46 ℃ for 35 s and 72 ℃ for 30 s -and final extension step at 72 ℃ for 10 min.
Single Stranded Sonformation Polymorphism (SSCP) and Sequencing
Adiquots of 4 μL PCR products were mixed with 10 μL denaturing solution (98 % formamide, 25 mM EDTA, 0.025 % xylene-cyanole and 0.025 % bromophenol blue), heated for 10 min at 98 ℃ and cooled on wet ice (SUN et al., 2002) . Denatured PCR products were subjected to 10 % acrylamide:bisacrylamide (29:1) gels in 1×TBE buffer and constant voltage (160 V) for 15 -16 h. The gel was stained with 0.1 % silver nitrate. Three PCR fragments from different SSCP patterns in different populations were sun-cloned to T-vector (Takara, China). Sequencing reactions were performed with BigDye terminator chemistry and resolved on an ABI PRISM 3730 DNA sequencer. All fragments were sequenced in both directions. The BLAST algorithm was used to search the NCBI GenBank (http://www.ncbi.nlm.nih.cov/) databases for homologous sequences. Statistical Analysis χ2 tests were used to determine if the individual variant was in Hardy-Weinberg equilibrium. The genotype and allele frequency distributions were compared by Chi-square test. The traits were compared between the genotypes. The association between PPAR-γ and live weight (42 days), carcass weight, carcass net weight, breast muscular weight, breast muscular rate, leg muscular weight, leg muscular rate, abdominal fat weight (AFW), percentage of abdominal fat (AFP), sebum weight, percentage of sebum and IMF was evaluated according to one-way analysis, using the following model:
where: Y -dependent variable (analyzed traits), μ -overall mean, G -genotype of PPAR-γ exon-5 (AA, AB and BB), L -duck population, G × L -interactions between genotype and duck population (all fixed effects), e -random error. Difference between genotypes was determined by least square analysis.
Results and Discussion
Single Nucleotide Polymorphism in Exon-5 of the PPAR-γ Gene
Amplicons of the expected size were obtained from duck DNA using different primers. These were identified by PCR-SSCP. The results of exon-1 to exon-4 and exon-6 of PPAR-γ showed no polymorphism. The amplicons of exon-5 were approximately 450 bp in size and exhibited polymorphism in different individuals and populations. Three band patterns could be identified in exon-5 of PPAR-γ gene (Figure 1 ), which were the products of two alleles (G and T). 
DNA Sequencing
The sequencing results were compared with the coding region sequence of duck (Accession no.EF546801) and showed: only one SNPs Ex5_213 G-to-T was detected in 384 unrelated duck from four populations (Z4, Z2 and HB Peking duck and Cherry Valley duck). But the G-to-T mutation in the 213 th nucleotide of the exon-5 identified a silent allele at PPAR-γ locus: ACG (Thr) -ACT (Thr) at position 311 amino acid.
Allele and Genotype Distribution of PPAR-γ Gene Exon-5
In three Peking duck populations, genotype frequency of GG was highest, however, in Cherry Valley duck population, the GT was highest. The G allele frequencies for the exon-5 of PPAR-γ gene in the analyzed populations were 0.5714, 0.6316, 0.5543 and 0.6162 for Peking duck Z4, Z2, HB and Cherry Valley duck populations, respectively. The genotype distributions of Peking duck Z4, Z2 and HB in disagreement with Hardy-Weinberg equilibrium (P<0.05) except Cherry Valley duck population (Table  2) . For the PPAR-γ gene, Hardy-Weinberg equilibrium was not fulfilled in Peking duck Z4, Z2 and Hybrid populations. One explanation could be they were suffered intensive selection during the long term commercial breeding. In selected populations, deviations of genotype frequencies from the Hardy-Weinberg equilibrium should be expected for loci with impact on traits under selection (GOLIASOVA et al., 2004) . 
Allelic Effect of the PPAR-γ Gene Exon-5 on Some Growth and Fatness Traits
The candidate gene approach is a very powerful method to investigate associations of gene polymorphisms with economically important traits in farm animals (ROTHSCHILD et al., 1997; SCHWERIN, 2003) . Many studies were reported that PPAR gene was a candidate gene associated with the fatness traits in domestic animal and poultry (e.g., MENG et al., 2002; BRAMFELD et al., 1980; LI et al., 2005; XIE et al., 2005) . In this study, the PPAR-γ gene was selected as a candidate gene to investigated associations of gene polymorphisms with some growth and fatness traits in duck populations. The allelic effects of the PPAR-γ gene exon-5 on some growth and fatness traits in 384 samples of four duck populations were presented in Table 3 . For growth and fatness traits with significant differences between genotypes, the allelic effect of carcass weight, breast muscular weight, carcass net weight, sebum weight, AFW, percentage of sebum, AFP and IMF acted in a dominant mode. The birds with homozygote (TT) had significant higher than heterozygotes (GT) and the inbred homozygotes (GG) for the carcass weight, sebum weight, percentage of sebum, abdominal fat weight and percentage of abdominal fat. However, for breast muscular weight, the birds with heterozygote (GT) had significant higher than the inbred homozygotes (GG). The birds with heterozygotes (GT) had significant higher than homozygotes (TT) and inbred homozypotes (GG) for carcass net weight. For IMF, the homozygotes (TT) had higher than heterozygotes (GT). Furthermore, no significant association of different genotypes with other traits were detected (P>0.05). The results indicated that TT genotype linked strongly with the QTL controlling fatness traits. Therefore, it was presumed that it may have a QTL controlling fatness in the region and allele T was dominant to G associated with fat. There are many studis showing that PPAR-γ gene was association with lipid metabolism. Gene ablation experiments in mice showed that PPAR-γ is required for the development of placental blood vessels and fatness tissue (ROSEN et al., 1999; KUBOTA et al., 1999; BARAK et al., 1999) . In addition to these developmental roles, PPAR-γ promotes lipid storage during adipogenesis (DESVERGNE et al., 1999) and inhibits inflammation by causing apoptosis in macrophages (SPIEGELMAN, 1998; CHINETTI et al., 1998) . In this study, the unique population design provided an opportunity to detect the interaction between the PPAR-γ gene and genetic background of four duck populations on growth and fatness traits. These phenotypic differences among the four populations likely reflect their different genetic background. Strong interactions between the PPAR-γ gene and genetic background were detected for the associations between the genotypes and growth and fatness traits in four duck populations, which illustrates the importance of defining gene effects in specific populations before future applications using marker assisted selection program.
The results of this study showed that the single nucleotide polymorphism at 213 nucleotide in exon-5 was strongly associated with sebum weight, percentage of sebum, abdominal fat weight and percentage of abdominal fat in four duck populations, and therefore, with lipid metabolism. It was also significant associated with carcass weight in Z2 and Z4 populations. An explanation for the results was probably due to the low animal numbers. So, we conjecture the PPAR-γ gene may be a major candidate gene or linked to major candidate gene that impact duck lipid metabolism and the SNP could be used in molecular assistant selection (MAS) as a genetic marker for duck fatness traits. This result was consistent with the study in chicken (LI et al., 2005) .
Interaction between the PPAR-γ Gene exon-5 and genetic background of four duck populations
The interactions between the genotypes of PPAR-γ gene exon-5 and genetic background of four duck populations were showed in Table 4 . For the sebum weight, percentage of sebum, abdominal fat weight and percentage of abdominal fat, interactions between the genotypes and populations were significant different (P<0.05). 
